To Awebvég Ilpototvmo Tov kilogram kon to péilov Tov
To wpotétvno Kg rotaokevdotnke 1o 1880 kot @uAGcoeTal 6 €101KEG GLVONKEG OTO

BIPM and 1o 1889, ondte ko opiotnke g povado pétpnong tg palog avel oo 1 dm® vepos.

Avtiypago Tov TPOTLTTOV YIMOYPALUOL LIGPYOLVY GE Oldpopa deBvn 1WpdUaTA LETPOAOYING
SPOPOV YOPOV Kol PLAAGGOVTOL GTIC cLVOTKEG oL giyav emPAnOei to 1889. Ta eBvikd avtd

TPOTLTIOL GLYKPIVOVTOL GUYVE HETAED TOVS Y10 EAEYYO OMOKAMGEWV

[Tpoketton yio Eva
KOAMVOpO pe vyog 39mm
Kot O1dpeTpo 39mm amd
90% Aevkdypvoo kot 10
% Ipidro.
Koartaokevdomke 1880
Kot OpioTNKE OC HLoVAda
nérpnong g pades (v
va ABel 1 tote GVYYVON
pe to Bapog) avti tov 1
dm? vepod mov
YPNOLOTOIEITO £G TOTE

<«— official copies ( 3 of 6)

<— international prototype

<«— official copies ( 3 of 6)




Avtiypada tou mpOTUTOU XWALOYpapuoU UTtapxouv o Sladopa Slebvry OplUATO HeTpoAoyiag
Sladopwy xwpwv Kat Ppuldcoovtal oTIG cuvBnkeg Tou eixav emipAnBeil to 1889. Ta £Bvika autd
TPOTUTIAL CUYKPLVOVTOL GUXVA PETAED TOUG yLol EAEYXO ATOKALOEwWV.

Mooo éxeL pavei n dopd tou xpovou 130 xpovia UETA;

H ¢Bopd tou mpwtodtumou kilogram kabwg kol Twv avilypddwv Tou ( o oxéon He €va apeTaBAnto
npdtuno) eival e TéEng twv 20 x 10° kg avd xpdvo ( amd petprioelc 1998, 2003, Mohr2010). To
TPWTOTUTIO KaL To avTiypadd tou daivetal va kepdilouv pala Pe TRV mAPoSo Tou XpOVoU Kal va XAvouv
pada 6tav MAEvovTal yla va XpnotpomnolnB8olv o cuyKploelg

La Troisieme Vérification Périodique des Prototypes Nationaux du Kilogramme (1988-1992)
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Fig. 2. — Change in mass Am observed after cach cleaning and washing
of the international prototype &, its six official copics and prototype No. 25.

La Troisieme Veérification Périodique des Prototypes Nationaux du Kilogramme (1988-1992)
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YUOVOTITIKY EMOKOTNON TG CNUEPIVIS KOTAGTUCC!
Na, kg, mol,... adhalovv 6to AteBvég Xvotnuo Sl

O mpotewvopevol véor opiopoi TV Bacik@v povadwy oto Sl - Ilpooyédio

etting the standard

#

¥ g appeal ¢ nerg
Whatmah,;&%ﬂ‘é.‘ | from Applied Optics, Vol. 26, No. 4, pp. 600-601, 1987

Fig.1. Arrangement of cones A and B during final polishing. Cone
A rotates around the fixed axis 0-0"; cone B, while rotating around
theaxis 0—0”, is driven by the extremity 7" of an oscillating arm (not
shown in the figure). The suspension of titanium dioxide and water
is ndded through the hols H,;slurry flows out of cone A through the
hole H,. P indicates the pitch ring. and Si is the silicon sphere.

Ot povadeg tov 7 Packav ueyebwv oto Sl, kabdg ko tov 20 mopaydymv peyedaov,
GUVBEOVTAL HETOED TOVC, HEG® TMV VOU®V NS GUOIKAC. .y h = 6.626...x 10°* I s s m%kg,
a@ov oyvel E = mc® and E = hv. Avto OU®G Og GLVEPALVE KOl LE TOVG OPIGHOVG TWV UOVAIMDV,
mov NTav avbaipetot, yoti Pacilovtav ce avOpOTIVES KATAGKEVES, TO TPMOTOTVTA. ATd To 1960
Eexivnoe (o mpoomdBela ov opropoi vo Bacilovrar oe @uokég otalepés, 'Etol £ovue tov

oploud tov second pe ™ cvyvOTNTA TOVL 133cs (1968) ko TOV 0p1opo TV WPETPOL PE TN oTadEPE

™G taxvTNTOg TOV EMTOC C. H puovn povdada mov éueve avbaipetn, vo pun cuvoéeton pe i
aueTdPAntn WOTHTOL TG QOong, NMrav to Mméypoppo Kg!'  EmmAéov 10 mpwtdTLIO
yoypappo, givor miéov 130 ypovav kot mapovctdlel anmieleg kdbe ypovo g TtééNg TV
20.107 kg, 6tav cvykpivetar pe ™ pale ToV oviypaemy tov (Mohr et al.,2010). H diépkeid tov
670 YpOVOo dev glvar eEAGPUMOIEVT. ..

Amd 1o 1999 Eekivnoe N mpoonddeia twv vrevdvvev oty 21" chokeyn CGPM  yio tovg
véovg oplopovg pe Paon entad Oepe@ocls Puolkéc otalepéc, Yoo TIC omoieg OeYONAGTE

otaBepn Ty (Unodevikn afefoardnTa oTn PETPMNON), OPOV TIG TPOCEYYIGOVUE TEIPAUATIKG LLE
3
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0G0 10 dLVOTO PeYOADTEPT aKPiPela, EKUETOAAEVOUEVOL TN GLYYPOVN TPOOSO GTNV TEXVOAOYin
™mGg petporoyiag. Ot mpotewvopeves arrayés Yo Tig Paocikéc povaoeg mepiéyovion 6€ Eva
pooyEdo 14 ocelidwv (DRAFT, Chapter 2 — BIPM SI Brochure,2010 , kotto Iapéptnua, el 7), TOL £XEL
Katatedel TNV EMOTNUOVIKY KOWVOTNTA, GUUTANP®VETOL (Mohr et al., 2010) kot Ba cvl{ntOel oV
24" cuvavinmon CGPM (17-21/10/2011). H koteAnKTiki nuepounvia yio, tv TeAMKR 1oL Hopen
givar 1o 2015 (25" CGPM).15 ypévia! Ilorra f Aiyo; Ov addayég sivor KoOoPLoTIKEG...

Ioiec povaodes aiialovv; kilogram, mole, ampere, Kelvin
2e moieg puoikés atalepéc piapetar (KAs1dodverar) n Tyl avricrorya;
e Ytafepd Planck's h= 6.62606Xx10**joule second (J's) axpipdc.
e 'Eva ototyeiddec poptio e = 1.60217Xx 10 " coulomb (C) axpipé.
e Ytafepd Boltzmann k= 1.38065Xx10 Zjoule avd kelvin (J-K™') axpipede.
e Stafep Avogadro Na= 6.02214Xx10% avé mole (mol ™) axpipedc.
Me "X" aro téLog Tov ap1Buod coufoliletar to tediko ynpio mov Oo. coupwvyOet Telixa.
Xg 0heg TIg povades aAralel ) doyikn: w.y. nétpo o¢ Ba givar o TO PNKOG TOV SLAVVEL TO PMG
oe 1 /299792458 devteporento pe T TayOTNTO TOL EMTOS, OAAG 1| povadiaio ardotacn Tov Ha
davooel To g pe tayvtnta ¢ (amdotacn =1m=c.t uétpa — t= 1/c sec) ondte. Anladn yiveron
dpeom ovvoeon g Pacikng povadag pe m otabepd. O otabepés mov dratnpovvial Onwg elyav
«KAewooew gtvatl:
o Av(*3Cs)nss = 91926317705 @
o ©=299792458s "'m l

o K, =683 83-m_2-kg_l-cd~sr

@«.ﬁo

2Y2ZXETIYELY TON MONAAQN S| ME TOYX /‘ \
IIPOTEINOMENOYX NEOYX OPIZXMOYX o
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O véog opropog v to Kilogram

Tpéyov Opropog: Tmploétav ot pala tov debvodc mpwtdtuomov tov kilogram, mov
@LAdooeTol o€ £101KEG cuvOnKkeg ot BIPM and 1o 1889, Tov omoiov dnwg elmapie n S1dpKelo dgv
givan e€oopolouévn (koita mopaptnua I, ceA67)

Ipotewvépevog Opwopdg: To kilogram, kg, eivar n povado pélog : to péyebog e mpokvmtet
and v apuntikn Ty g erabepds tov Planck mov kabopiletor va givorl ion axpipdg pe
6.62606Xx107** exppacpévn oe povadeg Sfl-mz-kg, OV 160dVVOUOVV pE J-S.

Y10 véo opiopd tov Kg N pala cuveéetor e T GLYVOTNTO EVOG PMTOVIOL HECH TOV OYECEMV
E = mc? and E = hv, onéte m=hv/c’. ( m=1kg < v= (c*/ h) s* n cuyvornta de Broglie-
Compton evog ocopatog palog evoc Kg)

H afepardtra otov mpocsdiopiopd tov Ha etvar g téEng Tov 5.0 x 1078,

O véog opropog Yo to Ampere

Tpéyov opropdg: Xmnplotav ot duvaun Hetald dVo VBVYPAUUOY NAEKTPOPOP®Y OYDYDV LE
Gmepo PiKog kat amdotacn 1 m oto kevd, fon pe 2x10° Newton / metre prikouc.

O opiopdg avTdS 6TV TPAEN OLGKOAEVE GTNV KOTAVONGY] TOV KOl T’ ELKAIPIN TOV AVOVEDVOLV.
IIpotewvopevog Opropog : To ampere, A, givar 1 Lovada TOL NAEKTPIKOV PEVUATOG: TO PEYEDOG
TOV TPOKVATEL OO TNV APOUNTIKY TN TOV GTOLYELDIOVS PopTiov oL kKobopiletar va eivar ico
akpPoC pe 1.60217Xx10"" exppaopévn oe povadec s-A, mov 1oduvapovy 10 C.

Apo 6T0 VEO oplopd Tov Ampere, aeov To PEVUN GLVIEETAL e TO PopTio pe ™ oyéon I = git,
1

— =62.x10"% GTOLYELDON
1.60217Xx10-19

1A=1C/s= ée Cls < pon poptiov avd devtepdiento =

eoptia ( NAekTpdvia ) To devtepOrento. Oa ypelachel pa pikpn 010pHBmoN TOV Lo, € (Ho-Eo = c?)
LHpoowmixy wopatipnon: Avto to mijlog niskTpoviwy aro véo ampere, A Gouiler tov apiBuo

Avogadro kot oe loyikij kot o€ taln ueyéhovg!

O véog opropog ya 1o Kelvin

Tpéyov Opopdg: Zmpildtav ot Oeppoxpacio Tov TpmAod onpeiov Tov vepoL ion pe 273.16
kelvin. Emeidn vmdpyovv TPaxTikéG SVOKOMES GTOV GUEGO TEPOUATIKO TPOGOOPICUO TOV
TPUTAOD oNUEIOV TOV VEPOL, £YOVLE:

Ipotewvépevog Opropog: To kelvin, K, givon n povada g Oeppodvvapikng Bepuokpoociog: to
péyefog e mpokvTTEL Ad TNV apOUNTIKY T TG aTalepds Tov Boltzmann mov kabopileton
va eivar fon axpiBidc pe 1.3806Xx107% exppaopévny oe povades s >-m?kg K, mov

160dvvapodyv pe J-K™!
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Apa oto véo opiopd to Kelvin oovtor pe ™ petaforn e Oepuodvvapukng (amdAvng)
Beppokpaciag mov mpokvmTel pe petaforn evépyelag avd  Pabud ehevbepioc: E = % ksgT
(e€lomon Boltzmann) (Becker et al.2006). wy £va 6GVGTNIO SOTOMIKGOV popiov agpiov TARfovg N

&xel 5 Pabpote ehevbepiog (Serway 111 1991)

H afePardtnta otov mpocdiopiopd tov Ha givor te TdEng tov 1.7 x 107°

O véog opropog yia To mole

Tpéyov Opropog: To mole, wg TocdTTA OVGING, TEPIELE TOGES GTOYYEIDIEIS OVTOTNTEG OGN KOl
ta dtopa o€ 0.012 kilogram tov dvOpako 12. Ot ovtotnTEG TOL OMOTELODY TNV TOGOTITA OVGIOG
npénet va kabopiCovrar (ropo/pdpro/idvto/miektpovio/dilo copatiot/opddes copatidiov).
Enedn opwc o apBudc atopmv mov mepiéyovran og 0.012 kg tov 12C, eivou TN ™G otafepdc
Avogadro, mov &yel mAéov TpoceYYloTEL ue peyaAn axpifela mpoteiveTon va amoovvoebei to
mole ané o Kg date va amlomoinbei o opiouds tov

Ilpotewvopevog Opwopog: To mole, mol, eivar m povada g mocdttag oveiag (n) amd
GLYKEKPLUEVES CTOXELMOELS OVTOTNTES, OV Uopel va etvan €val dTopo, Hoplo, 1V, NAEKTPOVIO I
omolo dAA0 copatidlo M opddo TETOWWV COUATIOIOV: TO HEYEDOC TOL TPOKLMTEL AMO TNV
apluntikny T ¢ oeralfepds Avogadro mov kobopiletoar va givor iom okplBoOg pe
6.02214Xx10% exppacpévn oe povadeg mol .

Apo oto véo opiopd to mole givar M mocoTTA OVGIOG OV TEPIEYEL 6.02214Xx10%
OLYKEKPIUEVO 6TOLYEIDON copatidla. (1 Mol=Nscopotidio X 1/Na(cvvrelestic avaroyiag)).
[Mveton emiong P ToAd onuavtiky vroderln: Xaptv anmAovotevons umopet va avtikadiotator 1
AEEN «ovEtas» amd TO LOPLUKO YMUKO TOTO TG Y. TocoTnT. fevioriov, N(CeHe).

Mo govémeia oG TNG aALAYNG Elvar OTL M(**C) dev eivan mot axppadc 0.012 kg/mol, aAld pe
oxetikn apepardmra (1,4 x10%). To 810 GYVEL Y10 TNV OTOUIKN povada palag my, oniadn to
1/12 e m(**C). Anhady n pée Tov Cio, dev Oa sivan ma axpipdg 12 1 12 dalton.

(xoita [Mapaptnuo , ceL7).
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ITAPAPTHMA
Anocnacpa and 1o tedevtaio IPOXXEAIO (DRAFT g SI Brochure) (CIPM 2010), mov

APOPE TOV TTPOTEWVOLEVO OTO TOVG GYETIKOVG QPOPEIS EMavampocdloptopd tov Mole, povadag g
TOGOTNTOUG 0VGI0S, AGY® TOV VEou oplopod Ttov Kg pe Pfaon pa kabopropévny Ty} g

YraBepac Avogadro. Avoeépetor OAn 1 mpoictopia ...

mole, unit of amount of substance

Following the discovery of the fundamental laws of chemistry, units called, for example, “gram-
atom” and “gram molecule”, were used to specify amounts of chemical elements or compounds.
These units had a direct connection with “atomic weights” and “molecular weights”, which are
in fact relative atomic and molecular masses. “Atomic weights” were originally referred to the
atomic weight of oxygen, by general agreement taken as 16. But whereas physicists separated
the isotopes in a mass spectrometer and attributed the value 16 to one of the isotopes of oxygen,
chemists attributed the same value to the (slightly variable) mixture of isotopes 16, 17 and 18,
which was for them the naturally occurring element oxygen. Finally an agreement between the
International Union of Pure and Applied Physics (IUPAP) and the International Union of Pure
and Applied Chemistry (IUPAC) brought this duality to an end in 1959-1960. Physicists and
chemists have ever since agreed to assign the value 12, exactly, to the so-called atomic weight,
correctly called the relative atomic mass Ar, of the isotope of carbon with mass number 12
(carbon 12, 12C). The unified scale thus obtained gives the relative atomic and molecular
masses, also known as the atomic and molecular weights, respectively.

The quantity used by chemists to specify the amount of chemical elements or compounds is now
called “amount of substance”. Amount of substance, symbol n, is defined to be proportional to
the number of specified elementary entities N in a sample, the proportionality constant being a
universal constant which is the same for all entities. The proportionality constant is the reciprocal
of the Avogadro constant NA, so that n = N/NA. The unit of amount of substance is called the
mole, symbol mol. Following proposals by the IUPAP, the IUPAC, and the ISO, the CIPM gave
a definition of the mole in 1967 and confirmed it in 1969, by specifying that the molar mass of
carbon 12 should be exactly 0.012 kg/mol. This allowed the amount of substance nS(X) of any
pure sample S of entity X to be determined directly from the mass of the sample mS and the
molar mass M(X) of entity X, the molar mass being determined from its relative atomic mass Ar
(atomic or molecular weight) without the need for a precise knowledge of the Avogadro
constant, by using the relations

nS(X) = mS/M(X), and M(X) = Ar(X) g/mol *

However this definition of the mole was dependent on the artefact definition of the kilogram,
with the consequences described in 2.3.3.

The numerical value of the Avogadro constant defined in this way was equal to the number of
atoms in 12 grams of carbon 12. This value is now known with such precision that the CGPM in
20XX decided to adopt a simpler definition of the mole by specifying exactly the number of
entities in one mole of any substance, thus specifying exactly the value of the Avogadro
constant. This has the further advantage that the new definition of the mole, and the value of the
Avogadro constant, are no longer dependent on the definition of the kilogram. Also the
distinction between the fundamentally different quantities amount of substance and mass is
thereby emphasised. For these reasons the XXth CGPM (20XX, Resolution XX, CR, XXX and
Metrologia, 20XX, XX, XX) adopted the following definition of the mole:
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The mole, mol, is the unit of amount of substance of a specified elementary entity, which
may be an atom, molecule, ion, electron, any other particle or a specified group of such
particles; its magnitude is set by fixing the numerical value of the Avogadro constant to be
equal to exactly 6.022 14X 10% when it is expressed in the unit mol™.

Thus we have the exact relation Na= 6.022 14X x10% mol™. The effect of this definition is that
the mole is the amount of substance of a system that contains 6.022 14X 10% specified
elementary entities.

This definition has the effect that the molar mass of carbon 12 is no longer 0.012 kg/mol by
definition, but has to be determined experimentally. However the value chosen for NA in the
definition is such that the molar mass of carbon 12 was equal to 0.012 kg/mol at the time of the
adoption of the new definition, M(**C) = 0.012 kg/mol, with a relative standard uncertainty of
somewhat less than 1 x10°. Although it may change by a small amount as a result of later
experiments it is unlikely to ever change by more than a few parts in 10”°. The molar mass of any
atom or molecule X may still be obtained from its relative molar mass from the equation

M(X) = [Ar(X)/12] M(**C) = Ar(X) Mu

and the molar mass of any atom or molecule is also related to the mass of the elementary entity
m(X) by the relation

M(X) = NA m(X) = NA Ar(X) mu

In these equations Mu is the molar mass constant, equal to M(12C)/12, and mu is the unified
atomic mass constant, equal to m(12C)/12. * They are related by the Avogadro constant through
the relation

Mu = NA mu

In the name “amount of substance”, the words “of substance” could for simplicity be replaced by
words to specify the substance concerned in any particular application, so that one may for
example talk of “amount of hydrogen chloride, HCI”, or “amount of benzene, CgHg”. It is
important to always give a precise specification of the entity involved (as emphasized in the
definition of the mole); this should preferably be done by giving the molecular chemical formula
of the material involved. Although the word “amount” has a more general dictionary definition,
this abbreviation of the full name “amount of substance” to “amount” may often be used for
brevity. This also applies to derived quantities such as “amount-0f-substance concentration”,
which may simply be called “amount concentration”. However, in the field of clinical chemistry
the name “amount-Of-substance concentration” 1is generally abbreviated to “substance
concentration”.
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